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CHAPTER I 
GENERAL NATURE OF l'iiCELLES AND 
THE FORCES HOLDING THEM TOGETHER 
Merocyanine dyes exhibit interesting changes in absorption 
spectra with changes in solvent polarity. For example solutions 
of 1-methyl-4- (oxocyclohexadienylidene) ethylidene -1,4-
dihydropyridine (HOED) are yellow, red, violet, or blue, in 
water, ethanol, acetone or pyridine respectively. 1 More 
striking effects are observed when aqueous solutions are 
diluted with various proportions of the organic co-solvents 
such as pyridine. The color varies across the whole spectrum 
from golden yellow ·to blue. These characteristic properties 
of merocyanine dyes in various organic solvents have been ex-
tensively studied and corr.elations between Amax and solvent 
polarity have been determined. In this work the visible 
absorption properties of merocyanine dyes were studied in 
cationic and anionic surfactants in order to investigate the 
behaviour of these dyes in micellar system and to use their 
electronic spectra as prob:;>.s of the micellar environment. 
Since the description of the literature and discussion 
of the experimental results will involve certain terms and con-
cepts from surfactant chemistry, it is necessary to introduce 
the subject. 
2 
Surface active molecules (surfactants) possess a polar, 
hydrophilic end and a relatively long, hydrophobic portion. 
The polar end of the surfactant molecule is responsible for 
the solubility in water. 
Hydrophobic, Hydrophilic regions 
Surfactant molecules undergo self association resulting 
in a colloidal aggregate of high molecular weight, called a 
micelle. This occurs over a narrow concentration range 
characteristic of a surfactant, called the critical micelle 
concentration or CMC. For example the CMC values for sodium 
dodecyl sulfate and hexadecyltrimethylammonium bromide are 
8.1 x 10-3M and 9.2 x 10-4M respectively. 2 
Depending on the chemical structure of the surfactants, 
they are classified into four main groups. 
(a) Anionic Surfactants 
In these molecules the polar end is anionic; e.g. 
sodium dodecyl Sulfate (sodium lauryl sulfate, NaLS) 
- + CH3 (cH2) 11so4Na 
(b) Cationic Surfactants 
These molecules contain a cationic polar end; e.g. 
Hexadecyltrimethylammonium bromide (cetyltrimethylarrunonium 
bromide, CTABr) 
CH3 (CH 2) lSN+~1e 3Br 
-------------
3 
(c) Amphol~ic Surfac£ants 
These molecules give rise to zwitterons with ,opposite 
charges on the same molecule. Depending upon the pH of the 
solution they can also behave as cationic or anionic species 
(e.g. N-dodecyl-N,N-dimethyl betaine.). 
(d) Nonionic Surfactants 
These molecules are characterized by the presence of 
hydroxy groups or a polyoxyethylene chain (e.g. polyoxyethylene-
tert-octyl phenyl ether). 
Several kinds of models have been proposed to describe 
the micellar shape, but it is generally accepted that close 
to the critical micelle concentration (CMC) of a surfactant, 
the micellar structure is roughly spherical. The shape undergoes 
a change from spherical to lamellar, depending upon the pH, 
temperature, surfactant concentration, presence of additives 
and the molecular structure of the surfactant molecules. In 
a spherical micelle, the non-polar hydrocarbon region forms 
the core of the micelle (Figure 1), while the polar part lies 
at the micelle-water interface. Some of the counterions of 
the ionic micelle are loca·ted between the polar ends of the 
surfactant molecules forming a compact layer at the micelle-





up to several hu11drced A0 
Figure 1 
A Cross Section of a Spherical Hicelle 
Where (x) ~i.s the counterion,. {o) hGad group, (W-·) i.:;; th~ hy&ro-
carbon chain of the surfactant molecules. 
ions lie outside the Stern-layer forming an electrical double 
layer known as Gouy-Chapman electrical double layer and they 
are totally free to exchange with the ions of the bulk of the 
solution. Nevertheless only a fraction of the counterions are 
in the bulk of the solution at a given time. The association 
of the counterions to the micellar surface has been studied by 
nuclear magnetic relaxation of the counterions and their 
water of hydration. 3- 6 Erikson3 reported that the rapid re-
laxation of 81sr is due to the adsorption of some of these ions 
in the stern-layer of the micelle. The strength of binding of 
the counterions for decyl and undecyl ammonium bromide is 
5 
intermediate between that of "free" ions and "covalently 
bonded" ones. This is considered to be a type of ion pairing. 4 ' 7 
Similar results have been found for sodium ion relaxation 
rates for sodium dodecylsulfate. 5 These results clearly 
support the idea of the exchange ofcounterions with the 
bulk of the solution. 
The solubility of many sparingly soluble substrates in 
water can be increased by the addition of a surfactant, due 
to the formation of micelles in the solution. Thus practically 
no solubility increase is observed until the CMC of the sur-
factant is reached. Above the CJ.IC the increase in the solu-
bility of the substrate is directly proportional to the 
concentration of the surfactant over a certain range. The 
extent of solubilization and the CMC are influenced by temper-
ature, solvent, solute, ionic strength and by the structure 
of the surfactant and the solubilizate. So far no simple 
picture is available to explain the solubility of a substrate 
in terms of its properties and its maximum additive concen-
tration for a given amphiphile. 
Among all the factors responsible for the change in 
micellar shape, the concentration of the surfactant needs to 
be considered carefully. When the surfactant concentration 
surpasses the CMC, the spherical or ellipsoidal shape of the 
micelle undergoes a gradual change to a cylindrical or lamellar 
structure. Ekwa118 carried out viscosity and light scattering 
6 
studies of aqueous hexadecyl trimethyl ammonium bromide (CTJ\.Br) 
solution in the concentration range of 0.036 - 26%. The low 
viscosity and linearity of the scattered light in the range 
of 2-9% CTABr suggest, insignificant change from the spherical 
micellar shape. The rapid increase in viscosity above 9% 
CTABr lead Ekwall to postulate the formation of rod shaped 
micelles in the solution. At 26% CTABr the rod shaped micelles 
are presQmably arranged in a hexagonal array. A 10% CTABr 
solution corresponds to approximately 0.27H. In view of these 
results, the concentrations of CTABr and NaLS solutions were 
kept in the range of CHC values of these surfactants throughout 
the spectroscopic studies reported in this thesis (CMC's of 
-4 -3 2 CTABr and NaLS are 9.2 x 10 11, 8.1 x 10 ~1 respectively). 
Therefore the micellar shape is assumed to be spherical in 
all cases and the solubilization sites of the substrate (mero-
cyanines) are assumed to be concentration independent over 
the surfactant concentrations studied in this work. 
CHAPTER II 
THE EFFECT OF MICELLES ON THE ELECTRONIC SPECTRA OF 
SOLUBILIZED l10LECULES, AND THE USE OF UV-VIS, NMR AND 
ESR SPECTROSCOPY TO INVESTIGATE THE SOLUBILIZATION 
SITE OF THE SUBSTRATE. 
Polyrnethine Dyes 
The polyrnethine dyes are a large group of colored compounds 
that can be represented by the following mesomeric forms. (2.1) 
2.1 
(X and Y = N,O,S,Se) 
The x and y groups are linked by a conjugated chain 1~ith 
* an odd number of methine groups. One acts as an electron 
donor and the other as electron acceptor. 
Depending upon the charge "q" (2.1), polymethine dyes 
can be classified as cationic, anionic and neutral compounds. 
Variations in the length of the methine chain give rise to 
vinyl homologous, i.e. for n=O,l,2, ••• we have mono, tri and 
penta rnethine dyes respectively. 
* In aza derivatives, individual methine groups are 
replaced by nitrogen. 
8 
This investigation was carried out on neutral polymethine 




The absorption spectra of polymethine dyes vary widely 
depending upon the type of substituent, and the length of the 
polymethine chain. The absorption bands ( Amax) may appear 
in the ultraviolet, visible or near infrared regions of the 
spectrum. The absorption spectra of merocyanine dyes show 
characteristic changes with the changes in solvent polarity. 
The highly polar merocyan.i.ne dye (2.3), in which the dipolar 
structure dominates, shows a large shift of ~max to shorter 
wavelengths with increasing solvent polarity. In pure pyridine 
the dye has a :\max = 6100 A 0 ,. which decreases to 4700 A 0 
in pure water. 9 Based on electronic absorption studies of the 
polar dye (2.3) in pure pyridine, water and pyridine-water 
mixtures, Brooker10 predicted that the merocyanine (2.4) 
compared to (2.3) should be more polar, and should show more 
pronounced shift of ~max to shorter wavelength with increasing 
polarity of the solvent. The experimental results confirmed 
this hypothesis. In pure pyridine the polar dye (2.4) has 
~max= 6050 A0 which is decreased to 4440 A0 in pure water. 10 
0 
~ . 











On the basis of these observations it was suggested that 
certain strongly polar merocyanines could be used as solvent 
polarity indicators. This was found to be the case. 11 Pre-
liminary visible absorption studies of(2.4)in surfactant 
solution (CTABr) at Tulane University gave similar results. 12 
Because the micelles possess regions of different polarity, 
changes in the uv-vis absorption spectra of several aromatic 
substrates (solubilizates) as a function of the solvent polarity 
provide information regarding the mode of solubilization 
and the position of the solubilizate in the micelle.13- 16 
A comparison of the absorption spectra of the solubilizate 
in polar solvents and micellar phases provides insight into 
the polarity of the environment of the substrate in the micelle. 
The solubilization site of the solubilized molecules 
depends upon the relative hydrophobic and hydrophilic tendencies 
of the solubilizate. 17 The solubilizate may be buried in 
the hydrophobic region of the micelle (hydrocarbon region) 
or the solubilizate may be entrapped near the surface or adsorbed 
on the surface of the micelle. In nonionic surfactants the 
solubilizate is .incorporated in the polyoxyethylene core of 
the surfactant. The micellar core is considered to be non-
rigid.18 Consequently the solubilized substrate is relatively 
mobile and is uniformly distributed in the micellar interior. 
Rehfeld19 used uv-absorption spectroscopy to investigate 
the solubilization site of benzene in sodium dodecyl sulfate. 
11 
The uv spectra of benzene in water, aqueous sodium sulfate, 
and sodium ethyl sulfate were all similar, with "" = 2600 A" 
"max ' 
which is blue shifted by 8 = 1 A0 compared to the spectra in 
micellar media. This lead him to suggest that the solubilization 
site benzene is not in the aqueous envirorunent. Based on the 
observed decrease in solubility of benzene with increasing salt 
concentrations, he further concluded that the benzene is not 
solubilized at the polar surface of the micelles. Considering 
the close resemblance of benzene uv spectra in n-hexane, n-
dodecane, methanol, and 1-dodecanol, to that in the micellar 
medium he concluded that the benzene is distributed within 
the micelle at an undetermined average distance from the core. 
His studies on benzene in hexadecyltrimethyl ammonium bromide20 
supported the idea that the solubilization site of benzene is 
the hydrocarbon core, and that the mode of solubilization of 
benzene in both surfactants (CTABr and NaLS) is the same. 20 
Since Rehfeld's conclusions to a certain degree were qualitative, 
further investigations of the solubilization site of benzene 
by rumr spectroscopy by Fendler21 showed that the chemical shift 
values of benzene do not correlate with that observed in pure 
hydrocarbon solvent, such as cyclohexane, rather it approaches 
that in water. The observed chemical shifts of the surfactant 
protons as function of benzene concentration were found to 
fit equation (1). 
V = V. + a lxJ (1) 
12 
Where )} and Y,. a.re the observed and limiting chemical 
shifts and [x] is the bezene concentration. The environment 
of the solubilizate in C'l'ABr, NaLS and DDAPS (3- (dimethyl-
dodecyl ammonio) propane !-sulfonate) was confirmed by com-
paring the "a" values of these surfactants, rather than 
)1
0 
values. Comparing the negative "a" values for the terminal 
protons the order was found to be NaLS (a = -3ll) DDAPS (a= -9)) 
CTABr (a= -6), and for the CH2 protons of the surfactant the 
order was NaLS (a= ~54l) CTABr (a= -36)) DDPAS (a= -30). 
The more negative "a" value for NaLS presumably indicates 
that .the substrate is closer to the interior of the micelle 
(NaLS), while in DDAPS ana CTABr the substrate is solubilized 
near the surface of the micelle. However it appears necessary 
that the interpretation of tne experimental results regarding 
the solubilization site should be based on the consideration 
of all possible aspects of the system. Riegelman 22 carried 
out uv-absorption studies of ethyl benzene in water, in aqueous 
solution of potassium laurate and in octane. The spectrum 
shows a higher degree of fine structure in octane than in 
water. The spectrum in aqueous potassium laurate solution 
shows a striking similarity to that in octane, which clearly 
indicates that the ethyl benzene molecules are in the micelles 
and are completely surrounded by the hydrocarbon environment 
of the core. This conclusion was supported11 by similar 
spectral results in dodecylamine hydrochloride and polyoxy-
ethylene (23) dodecanol (Brij 35). 
13 
One would naively expect that the solubilizate would be pres-
ent in both the "water phase" and "micellar phase", conse-
quently the observed spectrum would be the summation of the 
spectra in both phases. In the above cases the solubility in 
surfactant solution is so large (several hundred fold) 11 
compared to that in pure water that the magnitude of correction 
for very low concentration of solubilizate in water would not 
affect the conclusions. 
12 Minch reported a large effect of CTABr on the visible 
spectra of nitrocarbanions and phenoxide ions given in Fig. 2.1. 
oe oe 





The addition of CTABr solution to a yellow solution of 2.5 
in NaOH turned it deep purple. Similar behaviour is observed 
for other anions 2.5-2•13 (Fig. 2.1). The first three anions 
show more than 90 nm red shift in CTABr, relative to that in 
water. The purple color is observed after the CTABr concentration 
has exceeded the CMC (9.2 x 10-4M at 25°). 2 Therefore these 
large red shifts in visible spectra of anions 2.5-2.9 and 2.11 
in CT~£r are caused by incorporation into the micelle. 
14 
Erikson carried out nmr studies to investigate the solubil-
ization of benzene and bromobenzene in hexadecylpyridini~~ 
chloride23 and nitrobenzene, N,N-dimethyl aniline, isopropyl-
benzene and cyclohexane in CTABr solutions. 2 The addition 
of these aromatic solubilizates to the CTABr solutions shifted 
the resonance lines of CTABr and of the solubilizate to higher 
applied magnetic fields. The degree of shift is dependent on 
the position of the hydrogens in the CTABr molecules. The 
peak positions, extrapolated to zero concentration of all aromatic 
solubilizates, appear further upfield in CTABr solutions than in 
dilute cyclohexane solutions. The value obtained for benzene 
approaches the corre~ponding peak position in water, which 
implies that benzene is adsorbed at the micelle-water interface 
at low benzene concentrations. Similar behaviour is observed 
for nitrobenzene and N,N-dimethylaniline. However, in the case 
of isopropyl-benzene the molecules are adsorbed at the micelle-
water interface and with the aromatic ring directed towards 
the surrounding water and the isppropyl group mainly in the 
hydrocarbon environment. 
The 19F chemical shift is considerably more sensitive 
to changes in the molecular environment than are proton shifts. 24 
Huller24 used it effectively for probing the properties of the 
micellar interior. A comparison of 19F chemical shifts of 
cF3- groups in surfactant molecules with those of cF 3 (cH2) 8cF3 
in various solvents, suggests that water molecules are most 
probably penetrating into the micellar core of such surfactants. 
15 
This idea was supported by the upfield chemical shift of the 
resonance peaks for micellar-cF3 in the presence of benzc-
trifluoride, which displaces the water molecules. Muller's 
19F nmr studies of CF 3 (cH2) 11oso3Na.solutions suggested that 
urea, acetone, and acetamide substrates are solubilized into 
the micelle. 25 
Electron spin resonance was successfully used to investigate 
the solubilization site of free radical substrates or free 
radical containing surfactants. Waggoner 26 investigated the 
solubilization site of the stable free radicals 2,4-dinitrophenyl 
hydrazone of 2,2,6,6-tetramethyl-4-piperidone nitrogen oxide 
(2.14) and 2,2,4,4-tetramethyl-1,2,3,4-tetrahydro- ¥-carboline-3-




Marked broadening of the proton magnetic resonance peak of 
the methylene protons of sodium dodecyl sulfate in the presence 
of 2.14 or 2.15 indicates incorporation of the nitroxide 
radical into the micelle. The esr spectrum in water gave 
three peaks of equal width, implying rapid tumbling of nitroxide 
radical in pure water. However in 5% sodium dodecyl sulfate 
solution a pronounced and unequal broadening is observed, 
which is caused by the reduced rate of tumbling of the free 
radical due to its interaction with the micelle. These results 
suggested that the nitroxide radical is not rapidly tumbling 
in micellar solution and it is located in the micellar interior 
of NaLS rather than the surface of the micelle. From a com-
parison of hyperfine coupling constants in esr spectra and 
absorption maxi.ma. of ni troxide radical in water, dodecane, 
and aqueous NaLS solutions, it was concluded that the nitroxide 
free radical does not lie in the hydrocarbon core, and that 
its association involves random spacial orientation and a time-
averaged environment. 
The cited examples show that uv-vis spectra and nmr spectra 
provide good information regarding the site of incorporation 
and the degree of penetration of the substrate into the micelle. 26 
It is also worthwhile to discuss the increased penetration 
of the substrate into the micelle caused by increasing the 
hydrophobicity of the substrate molecule. Tokiwa27 studied 
the solubilization of aromatic alcohols (2.16 and 2.17) and 
17 
substituted phenols (2.18) by nmr spectroscopy. The resonance 
peaks of aromatic protons of compounds (2.16, 2.17, 2.18) 
'ilere shifted to higher applied magnetic fields upon incorpor-
ation into micelles. The plots of the chemical shifts of 
aromatic protons as a function of surfactant concentration for 
these compounds (2.16, 2.17, 2.18) showed different trends. 
(2.16) 




n = 1 and 2 
HA Hp, 
H (CH2)n _(! ~ OH 
(2.18) 
n = 1,2 and 3 
For compounds 2.18 with n=l and 2 pronounced maxima. were ob-
served. The absence of maxima for compounds 2.16 and 2.17 
lB 
is due to the lower surfactant concentration range studied. 
Increasing slope values were observed with the increasing 
number of carbon atoms (n) in compounds (2.16-2.18), sug-
gesting progressively deeper penetration of the solubilizates 
into the micellar interior. 
With these conclusions in mind, we systematically in-
vestigated the site of solubilization and degree of penetration 
of.the merocyanine dyes (2.19) with increasing length of the 
alkyl group (R) using the visible spectroscopic technique 
reported in this thesis. 
R-O=cH-CH=Q=o 
(2.19) 




I. Synthesis of J1erocyanine Dy~~ 
The syntheses of merocyanine dyes were carried out througn 
the following route: 
Piperi.:line 
+ 0=CH-o-OH -Et-ha-no--.;;1} 
R 
9




The 4-methyl pyridine was alkylated followed by conden-





benzaldehyde in ethanol-piperidine. The resulting benzyl 
alcohol II was dehydrated and deprotonated by gentle heating 
in aqueous KOH. 
l. l-l>lethyl-4- (oxocyclohexadienylidene)ethylidene -1,4-
dihydropyridine (MOED) 
(a) 1,4-dimethylpyridinium iodide 
Methyl iodide (28.3 gm, 0.20 mol) was slowly added to an 
ice cold solution of 4-methylpyridine (18.6 gm, 0.19 mol) 
in 20 ml of 2-propanol. The mixture was heated at reflux for 
5 hours. The resulting reaction mixture was cooled to give 
a yellow crystalline product, which was recrystallized from 
absolute ethanol; yield 28.4 gm (60.4%) m.p. l43°C. 
(b) l-methyl-4- (oxocyclohexadienylidene)ethylidene -1,4-
dihydropyridine. 
1,4-dimethyl pyridinium iodide (28.4 gm, 0.12 mol), 
freshly recrystallized 4-hydroxybenzaldehyde (14.5 gm, 0.12 mol) 
and piperidine (10 ml, 0.10 mol) were dissolved in 150 ml 
absolute ethanol, and heated at reflux for 24 h. Upon cooling 
the reaction mixture gave a red precipitate which was removed 
by filteration; the solid was suspended in 700 ml of 0.2M KOH 
and heated for 30 minutes (without boiling). Upon cooling 
the solution gave a blue-red crystalline product. It was 
recrystallized from hot water, yield 22 gm (86.3%) m.p. 260°C 
:;!,~ (lit 220). 
2. 1-Ethyl-4- (oxocyclohexaJienylidene)ethylidene -1,4-
dihydropyridine (EOED) 
(a) 1-ethyl-4-methyl pyridinium iodide 
21 
n-Ethyl iodide (31.2 gm, 0.2 mol) was carefully added to 
an ice cold solution of 4-methyl pyridine (18.6 gm, 0.19 mol) 
in 20 ml of 2-propanol. The mixture was heated at reflux 
(with gradual rise of temperature to avoid violent reaction) 
for five hours. Upon cooling a yellow solid product was obtained. 
It was recrystallized in ethanol-ether. The product is highly 
hygroscopic. Therefore it was not possible to obtain a dried 
solid product, yield approx. 28 gm (62.6%). 
(b) 1-ethyl-4- (oxocyclohexadienylidene)ethylidene -1,4-
dihydropyridine (EOED) 
1-ethyl-4-methyl pyridinium iodide (less than 28 gm, 
because it is highly hydroscopic), freshly recrystallized 
4-hydroxybenzaldehyde (14.5 gm, 0.12 mol) and piperidine 
(10 ml, 0.10 mol) were dissolved in 150 ml absolute ethanol, and 
heated at reflux for 24 hours. The reaction mixture was cooled 
and the solid removed by filteration. The dark solid was 
recrystallized in absolute ethanol, then suspended in 500 ml 
of 0. 2M KOH solution and heated for 15-30 minu·tes to 
just below boiling, cooled, filtered to yield 16.25 gm (36.1%) 
of reddish crystalline product, m.p. 265°C. 
3. 1-Propyl-4- (oxocyclohexadienylidene)ethylidene -1,4-
dihydropyridine (PROED) 
(a) 1-propyl-4-methyl pyridinium iodide 
22 
~-Bromopropane (24.6 gm, 0.2 mol) was added to 4-methyl-
pyridine (18.6 gm, 0.19 mol) in 20 ml 2-propanol. The mix-
ture heated at reflux for 20 hours, no solid product was 
obtained on cooling. The dark liquid product was concentrated 
on a rotarary evaporator. 
(b) 1-propyl-4- (oxocyclohexadienylidene)ethylidene -1,4-
dihydropyridine 
The dark liquid 1-propyl-4-methyl pyridini~n iodide, 
freshly recrystallized 4-hydroxybenzaldehyde (14.5 gm, 0.12 mol) 
and piperidine (10 ml, 0.10 mol) were dissolved in 150 ml of 
absolute ethanol, heated at reflux for 21 hours, cooled and 
solid removed by filteration. The dark red solid was suspended 
in 500 ml·0.2H KOH solution, and heated for 15-30 minutes to just 
below boiling. On filtration and drying a purple crystalline 
product was obtained, yield 25.3 gm (52.8%), m.p. 217°C. 
4. 1-Butyl-4- (oxocyclohexadienylidene)ethylidene -1,4-
dihydropyridine (BTOED) 
(a) 1-butyl-4-methyl pyridinium iodide 
n-Butyl bromide (27.4 gm, 0.2 mol) and 4-methylpyridine 
(18.6 gm, 0.19 mol) in 20 ml of 2-propanol was heated at 
23 
reflux for 22 hours. The dark liquid product '"as concentrated 
on a rotary evaporator. No solid was obtained on cooling. 
(b) l-butyl-4- (oxocyclohexadienylidene}ethylidene -1,4-
dihydropyridine 
The liquid l-butyl-4-methyl pyridinium iodide, 4-hydroxy-
benzaldehyde (14.5 gm, 0.12 mol} and piperidine (10 ml, 0.10 mol} 
were dissolved in 150 ml of absolute ethanol and heated at 
reflux for 20 hours. The reaction mixture was cooled, con-
centrated on a rotary evaporator then cooled again; a jelly 
like product was obtained. It was treated with 500 ml of 
0.2M KOH solution, heated for 15-30 minutes to just below boiling and 
cooled overnight in a refrigerator. The dark red product 
11.7 gm (2.3.1%} was recoveJ;"ed, m.p. 215°C. 
5. 1-Pentyl-4- (oxocyclohexadienylidene}ethylidene -1,4-
dihydropyridine (PTOED) 
(a} l-pentyl-4-methyl pyridinium iodide 
n-Pentyl bromide (30.18 g, 0.2 mol} and 4-methyl pyridine 
(18.6 gm, 0.19 mol} in 20 ml of 2-propanol was heated at 
reflux for 22 hours and the reaction mixture cooled. No 
solid product obtained. The dark liquid product was con-
centrated on a rotary evaporator. 
' ' - " ---- --· 
------~ --~~--~-~~---~-~- --~--
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(b) 1-pentyl-4- (oxocyclohexadienylidene)ethylidene -1,4-
dihydropyridine 
The liquid 1-pentyl-4-methyl pyridinium iodide,4-hydroxy-
benzaldehyde (14.5 gm, 0.12 mol) and piperidene (10 ml, 0.10 mol) 
were dissolved in 150 rnl of absolute ethanol, heated at reflux 
for 20 hours. The resulting dark red solution was cooled 
and the solid removed by filteration. The solid was suspended 
in 500 ml of 0.2M KOH, heated for 15-30 minutes to just below 
boiling, and cooled in an ice bath, to give dark red crys-
talline product 10.7 gm (20.0%), m.p. 159°C. 
6. 1-Hexyl-4- (oxocyclohexadienylidene)ethylidene -1,4-
dihydropyridine (HOED) 
(a) l-hexyl-4-methylpyridinium iodide 
n-Bromohexane (33.0 gm, 0.2 mol) and 4-methyl pyridine 
(18.6 gm, 0.19 mol) in 20 ml of 2-propanol was heated at 
reflux for 27 hours. The reaction mixture was concentrated 
with a rotary evaporator, and cooled overnight in a refrigerator. 
A dark red solid sludge was obtained, but it remained a liquid 
after an attempted recrystallization from absolute ethanol. 
(b) l-hexyl-4- (oxocyclohexadienylidene)ethylidene -1,4-
dihydropyridine 
The solution of 1-hexyl-4-methyl pyridinium iodide in 
ethanol, freshly recrystallized 4-hydroxybenzaldehyde (14.5 gm, 
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0.12 mol) and piperidene (10 ral, 0.10 mol) were dissolved in 
150 ml absolute .ethanol. The mixture was heated at reflux 
overnight, cooled and solid removed by filteration. The solid 
was suspended in 500 ml of 0.2.M KOH solution and heated to 
just below boiling, then cooled overnight in the 
refrigerator. A dark purple solid was removed by filtration, 
yield 20 gm (35.5%), m.p. 144°C. 
7. 1-0ctyl-4- (oxocyclohexadienylidene)ethylidene -1,4-
dihydropyridine (OOED) 
(a) 1-octyl-4-methyl pyridinium iodide 
n-Bromoctane (38.6 gm, 0.2 mol) and 4-methyl pyridine 
(18.6 gm, .. O.l9 mol) in 20 ml of 2-propanol. The mixt;::rc ;;as 
heated at reflux for 15 hours. It was cooled and concentrated 
with a rotary evaporator, no solid product was obtained. 
(b) 1-octyl-4- (oxocyclohexadienylidene)ethylidene -1,4-
dihydropyridine 
The liquid 1-octyl-4-methyl pyridinium iodide, and freshly 
recrystallized 4-hydroxybenzaldehyde (14.5 gm, 0.12 mol) and 
piperidine (10 ml, 0.10 mol) were dissolved in 150 ml of absolute 
ethanol. The mixture was heated at reflux for 15 hours, cooled 
and a dark red solid product was obtained. The solid was sus-
pended in 500 ml, 0.2M KOH solution. It was heated for 15-30 
minutes to just below boiling, the solid was removed by 
filtration and dried, yield 17 gm (27.2%) m.p. 200°C. 
8. 1--Decyl-4- (oxocyclohexadienylidene) ethylidene -1, 4~ 
dihydropyridine (DOED) 
(a) 1-decyl-4-me.thylpyridinium iodide 
n-Bromodecane (44.2 gm, 0.2 mol) and 4-methyl pyridine 
(18.6 gm, 0.19 mol) in 20 ml of 2-propanol were heated at 
reflux for 27 hours. No solid product was recovered upon 
cooling. Most of the solvent was evaporated with a rotary 
evaporator. 
(b) 1-decyl-4- (oxocyclohexadienylidene)ethylidene -1,4-
dihydropyridine 
The liquid 1-decyl-4-methyl pyridinium iodide freshly 
recrystallized 4-hydroxybenzaldehyde (14.5 gm, 0.12 mol) 
and piperidene (10 ml, 0.10 mol) were dissolved in 150 ml 
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absolute ethanol, and heated at reflux for 20 hours. The resulting 
mixture was cooled, a dark blackish-red solid was recovered by 
filtration, and was dried to yield 30 gm (45.5%), m.p. 140°C. 
9. l-Benzyl-4- (oxocyclohexadienylidene)ethylidene -1,4-
~ihydropyridine (BNOED) 
(a) 1-benzyl-4-methyl pyridinium iodide 
Benzylbromide (34.2 gm, 0.2 mol) and 4-methyl pyridine 
(18.6 gm, 0.19 mol) in 20 ml of 2-propanol was heated at re-
flux for six hours. The resulting mixture was cooled. A 
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pink transparent crystalline product was obtained and re-
crystallized from ethanol, yield 38 gm {58.7%), m.p. 147°C. 
{b) 1-benzyl-4- {oxocyclohexadienylidene)ethylidene -1,4-
dihydropyridine 
1-benzyl-4-methyl pyridinium iodide {38 gm, 0.13 mol), 
freshly crystallized 4-hydroxybenzaldehyde {14.5 gm, 0.12 mol) 
and piperidine {10 ml, 0.10 mol) were dissolved in 150 ml 
absolute ethanol and heated at reflux for 20 hours. The 
resulting mixture was cooled to yield a dark red jelly like 
product. This was suspended in 500 ml of 0.211 KOH, heated 
for 15-30 minutes to just below boiling. No solid resulted. 
The solution was concentrated on heating, cooled in the 
refrigerator and a dark red solid was recovered, yield 27 gm 
{77. 2%), m.p. above 290°C. 
Characterization: 
All these compounds have been proven difficult to characterize 
in the classical sense. The N-methyl merocyanine dye has been 
reported previously and our synthesis represents no major 
departure from the published procedure. 10 • 29 The reported 
melting points for N-methyl merocyanine are 195°, 208°, and 
220° 1 while in present work a phase change {crystals shrink) 
at 220° was observed. This variability suggests crystalline 
modifications differing by the number of water molecules 









compounds is reported below along with the percent compositions 
calculated for reasonable hydration states. These hydration 
states are postulated to best fit the analysis and in no way 
represent proofs of this conjecture. As better evidence for 
the structural assignment, a close agreement between calculated 
and observed % carbon to % nitrogen ratios were observed, 
which should be independent of the hydration numbers. 
1-methyl-4-(oxocyclohexadienylidene)ethylidene-1,4-dihydro-
pyridine (HOED) 
Calc'd.(for c14H13NQH 20): 73.36%C, 6.59%H, 6.ll%N 
Found: 74.96%C, 7.37%H, 6.69%N. 
% carbon to % nitrogen ratio, Calc~: 12.01, Found: 11.20 
1-butyl-4-(oxocyclohexadienylidene)ethylidene-1,4-dihydro-
pyriMne (BTOED) 
Calc'd.(for c17H19NO•l/2H20): 77.83%C, 7.68%H, 5.34%N 
Found: 65.31%C, 6.68%H, 4.77%N. 
%carbon to% nitrogen ratio, Ca1dd: 14.57, Found: 13.69 
A 100 1-I..'lz Fourier transform nmr spectrum of N-methyl mero-
cyanine in n 2o-NaOD is consistant with the assigned structure: 
a singlet at ~ 3.98 corresponding to the N-CH3 protons and 
seven "doublets"5at 4.51, 4.81, 6,71, 7.36, 7.61, 7.64 and 8.16. 
~ H 
CH-N =CH-CH= 3 -
H H r{ 
1 
H H H r " ~ E> t \\ ~c-
cH- N "-c' ;-










All higher homologues were too insoluble for ~mr studies. 
The electronic spectra of N-methyl merocyanine in water and 
diverse solvents agrees with that reported in literature, 29 
and all higher homologues have virtually identical spectra 
in water. Moreover all higher homologues exhibit the same 
Aroax changes with solvent polarity. The ir spectra of all 
-1 
compounds (in Nujol) give the same transition at 1580 em 
tentatively assigned to the C=O bond stretch. Finally all 
compounds were found to contain no mobile components when 




II. s2ectroscopic Studies of Merocyanine Dyes 
For the studies of the spectroscopic properties of 
merocyanine dyes in CTABr and NaLS, the solutions of each of 
these compounds (5 ml portions, 1 x 10-4M) were mixed with 
ten solutions of each surfactant (NaLS and CTABr), in the 
concentration range 5 x 10-4 - 1 x 10-1M. Since these dyes 
are weak bases, sodium hydroxide (5 ml, O.lM) was added to 
each of the ten solutions of both surfactants (the final 
concentration of NaOH ;i.n these solutions was 0.02M), so that 
the dye molecules were not in the conjugate acid form (I). 
The A values for these solutions were determined from the 
max 
visible absorption spectrum taken on a Varian Techtron Model 635 
uv-vis absorption spectrometer. The changes in ). with 
max 
the change in surfactant concentration for merocyanine dyes 
(3.1) where R= Me, Et, Pr, Pent, Hex, Oct, Dec, Benzyl, are 
given in Tables 1-9. The reproducibility of duplica·te experi-
ments was :!: lnm . 
. R ~o-CH=CH-o-OH. 
I 
KOH 





Effect of NaLS and CTABr on the visible spectrum of !-methyl-
4- (oxocyclohexadienylidene)ethylidene -1,4-dihydropyridine 
(MOED) in 0.02M NaOH solution 
NaLSb CTABrc 
1o+4x [sr ,M d 
'A 
max' 
nm 1019E T' J 'A max' nm 10l9E T' 
0 442 4.49 
5 442 4.49 
10 443 4.48 
20 443 4.48 
30 444 4.47 
50 445 4.46 
100 446 4.45 
300 . 451 4. 40 
500 456 4.35 
700 459 4.32 
1000 466 4.26 
asurfactant concentration in 0.02M NaOH 
bSpectral characteristics in NaLS solution 
~in CTABr solution 
















Effect of NaLS and CTABr on the visible spectrum of 1-ethyl-
4- (oxocyclohexadienylidene)ethylidene -1,4-dihydropyridine 
(EOED) in 0.02M NaOH solution 
I 
NaLSb 
10"'"4x [ S J a ,M 
"A 1019~ max' nm T' J 
0 444 4.47 
5 443 4.48 
10 444 4.47 
20 444 4.47 
30 444 4.47 
50 444 4.47 
100 447 4.44 
300 459 4.33 
500 465 4.27 
700 467 4.25 
1000 470 4.23 
aSurfactant concentration in 0.02M NaOH 
bSpectral characteristics in NaLS solution 
cin CTABr solution 
~T is the electronic transition energy 
CTABrc 

































Effect of NaLS and CTABr on the visible spectrum of 1-propyl-
4- (oxocyclohexadienylidene)ethylidene -1,4-dihydropyridine 
(PROED) in 0. 02M NaOH solution 
NaLSb 
10+4x [ S J a ,M 
"A 1019E d nm J 
max' T' 
. 
0 442 4.49 
5 441 4.50 
10 442 4.49 
20 443 4.48 
30 444 4.47 
50 445 4.46 
100 . 453 4.38 
300 465 4.27 
500 468 4.24 
700 469 4.23 
1000 471 4.22 
aSurfactant concentration in 0.02M NaOH 
bSpectral characteristics in NaLS solution 
~in CTABR solution 


































Effect of NaLS and CTABr on the visible spectrum of 1-butyl-
4- (oxocyclohexadienylidene)ethylidene -1,4-dihydropyridine 
' 
(BTOED) in 0.02M NaOH solution 
10+4x [ s J a ,M NaLSb 
1019E d A nm J 
max' T' 
0 444 4.47 
5 447 4.44 
10 447 4.44 
20 447 4.44 
~~ 452 4.39 ;,v 
so 459 4.33 
100 467 4.25 
300 469 4.23 
500 475 4.18 
700 478 4.15 
1000 . 475 4.18 
aSurfactant concentration in 0.021>1 NaOH 
bSpectral characteristice in NaLS solution 
~in CTABr solution 


































Effect of NaLS and CTABr on the visible spectrum of 1-pentyl-
4- (oxocyclohexadienylidene)ethylidene -1,4-dihydropyridine 
(PTOED) in 0.02M NaOH solution 
NaLSb 
10+4x [s]a,M d ~max' nm 1019E J T' 
0 445 4.46 
5 445 4.46 
10 445 4.46 
20 454 4.37 
30 460 I 4.32 
50 468 4.24 
100 471 4.22 
300 . 472 4.21 
' 
500 472.5 4.20 
700 473 4.19 
1000 473 4.19 . 
asurfactant concentration in 0.02M NaOH 
bSpectral characteristics in NaLS solution 
CTABr solution 
is the electronic transition energy 
CTABrc 


































Effect of NaLS and CTABr on the visible spectrum of 1-hexyl·· 
4- (oxocyclohexadienylidene)ethylidene -1,4-dihydropyridine 
(HOED) in 0.02M NaOH solution 
NaLSb 
10"'"4x [s)a,M 
~max' 1019E d nm J T' 
0 446 4.45 
5 446 4.45 
10 448 4.43 
20 465 4.27 
30 466 4.26 
50 469 4.24 
100 470 4.23 
300 . 473 4.20 
500 471 4.22 
700 472 4.21 
1000 473 4.20 
asurfactant concentration in 0.02M NaOH 
bSpectral characteristics in NaLS solution 
CTABr solution 
is the electronic transition energy 
C1'ABrc 
Amax' nm 




446 4. 45 


































Effect of NaLS and CTABr on the visible spectrum of 1-octyl-
4- (oxocyclohexadienylidene)ethylidene -1,4-dihydropyridine 
(OOED) in 0.02M NaOH solution 
NaLSb 
10+4x [ S J a ,M 
'A 1019E d J max' nm T' 
0 444 4.47 
5 447 4.44 
10 469 4.23 
20 --- --
30 470 4.22 
50 471 4.21 
100 472.5 4.20 
300 473.5 4.19 
500 474.5 4.18 
700 475 4.18 
1000 476 4.17 
asurfactant concentration in 0.02M NaOH 
bSpectral characteristics in NaLS solution 
~in CTABr solution 
ET is the electronic transition energy 
CTABrc 
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TABLE 8 
Effect of NaLS and CTABr on the visible spectrum of 1-decyl-
4- (oxocyclohexadienylidene)ethylidene -1,4-dihydropyridine 
(DOED) in 0.02!·1 ;•aoH solution 
10+4x 
NaLSb 
[ S) a ,M 
J. 1019Ed J nm 
max' T' 
0 445 4.46 
5 446 4.45 
10 470 4.22 
20 472 4.20 
30 471 4.21 
50 471.5 4.21 
100 472 4.20 
300 473 4.19 
500 474 4.18 
700 475 4.18 
1000 475 4.18 
asurfactant concentration in 0.02M NaOH 
bSpectral characteristics in NaLS solution 
0 in CTABr solution 
d 









































Effect of NaLS and CTABr on the visible spectrum of 1-benzyl-
4- (oxocyclohexadienylidene)ethylidene -1,4-dihydropyridine 







nm 1019E d T' J 'A max' nm 10
19E T' J 
0 450 4.41 
5 451.5 4.39 
10 450 4.41 
20 452 4.39 
30 466 4.26 
50 472 4.20 
100 474.5 4.18 
300 477 4.16 
500 478 4.15 
700 492 4.03 
1000 482 4.12 
aSurfactant concentration in 0.021'1 NaOH 
bSpectral c!:J.aracteristics in NaLS solution 
cin CTABr solution 
~T~is the electronic transition energy 
450 4.41 I 
451 4.40 I 
' 
453 4.38 I 
I 
455 4.36 I 456 4.35 
458 4.33 I 
464.5 4.27 I 484 4.10 I 
' 487 4.07 I 
' 491 4.04 j 497 3.99 
CHAPTER IV 
DISCUSSION 
The incorporation of merocyanine dyes (reported in thesis) 
from aqueous environment into micelles causes a red shift 
a decrease in the electronic transition energy, ET. This 
change is due to changes in either the solvation energies 
of the ground state, excited state or both. If the solvation 
stabilization of the excited state is increased, it would re-
sult in decreasing ET (Fig. 4.1 (b)). The larger 
solvation stabilization of the excited state relative to the 
ground state would also give rise to the same result (Fig. 4.1 
(c)) • 
·. s" (c.) 
Figure 4.1 
The effect of solvation stabilization of the (a) ground 
state, (b) excited state, (c) both ground and excited states 
and s" s'. s' is the solvation energy of ground state and 
s" is the solvation energy of the excited state. 
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The magnitudes of the solvation energies depend upon the 
nature of the solute-solvent interactions, which may be dipole-
dipole, dipole-polarization, or hydrogen bonding. A complete 
theoretical understanding of the ET changes is not possible 
9 31 
at present, although some models, and theoretical treatments, 
have been made. 
For the concentration range reported in this thesis 
(for NaLS and CTABr solutions), it is assumed that the mi-
cellar structure is predominantly spherical. A comparison 
of the absorption maximum of the merocyanine dyes 
R-~ ) CH-CH=()=o 
for R = Me,Et,Pr,Bu,Pent,Hex,Oct,Dec,Benzyl in cationic and 
anionic surfactant solutions shows that the red shift increases 
with increasing dye hydrophobicity. It can, therefore, be 
suggested that more hydrophobic dyes bind to the micelle more 
"tightly". The red shift, with increasing concentration of 
surfactants for methyl, ethyl, propyl, and butyl dyes is more 
pronounced in solutions of anionic surfactant (NaLS) than in 
cationic surfactant (CTABr). This observation suggests a 
deeper penetration of these dyes into the anionic micelles 
(NaLS), so that the quinoid group is in the hydrocarbon en-
vironment,(Fig. 4.2 (a». In cationic micelles the 
less hydrophobic dye molecules penetrate less deeply, and the 
quinoid group is still in a somewhat aqueous environment (Fig. 
42 
More hydrophobic dyes (pentyl, hexyl, octyl, decyl, and benzyl) 
undergo a more pronounced red shift in CTABr solutions than in 
NaLS, indicating a deeper penetration into cationic 
micelles compared to anionic micelles. (Fig. 4.2(b)). 
9 
CTA6l" ( ~) 
+ 
r 
( b ) 
Figure 4.2 
Solubilization site of merocyanine 
(a) for Me,Et,Pr,Bu in CTABr and NaLS. 
Dec, Benzyl in CTABr and NaLS. 
dyes in CTABr and NaLS. 
(b) for Pent, Hex, Oct, 
It could therefore be concluded that the tight association 
between the CTABr head group and the phenoxide ring34 - 36 of 
the dye does not allow the dye molecules to penetrate very 
deeply into CTABr micelle, unless the dye hydrophobicity is 
f 
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quite high. Increasing the hydrophobicity of the dye does not 
change the ET with NaLS, because the dye penetrates deeply in 
any case. The interaction between the dye and the surfactant 
side chains is stronger with CTABr, because this surfactant 
has greater solubilizing power. 2 
The above picture suggests that the excited state of 
merocyanines is less polar than the ground state. Therefore, 
the excited state is more stable in nonpolar solvents (or the 
hydrocarbon environment of the micelle interior), while the 
ground state is less stable in nonpolar solvents than in H20. 
Relative stabilization of the ground and excited states, in 
gas phase, H2o and nonpolar environments, is represented in 
Figure 4.3. 
u.As~,··. . ..... }_: 
r; \1 v(.n•~ p•<•>' "'·"<nt) 
J/(H"'o) 
\\ ...... 
\,_-J. __ / 
Figure 4.3 
Representation of the stabilization of ground and ex-
cited sta·tes, in aqueous environment and nonpolar solvent or 
hydrocarbon environment of a micelle, compared to the 
gaseous state. 
Moreover, the concentration of the surfactant, required 
to produce the maximum red shift, decreases with increasing 
dye hydrophobicity. For a very hydrophobic dye (decyl mero-
cyanine), it is below the usual critical micelle concentration 
44 
of the surfactant. 'l.'his can be interpreted to mean incorporation 
of dye molecules induces micellization. 
An attempt was made to investigate these properties 
using fluorescent spectrometry. The spectrum did not show 
any red shift phenomenon. The emission wavelength remained 
unchanged in all solutions, at different concentrations of the 
surfactants. It seems that light scattering rather than 
fluorescence is taking place. 
In order to confirm these conclusions, further studies 
using nmr spectroscopy would provide information regarding the 
exact site of solubilization of the dye. 
-----~~-~~--------~- ~~_::__ 
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Visible spectrum of lxl0-4M , decylmerocyanine 
showing red shift caused by (A) O.lM CT.J\Br solution 
in 0.02M NaOH ~ ~ 494nm compared to (B) o.OM CTABr 
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Plot of electronic transition energy 
vs concentration of surfactant 
ONaLS · 
.ll. CT.\Br 
l_ ~-· • • • __ fl 
o.o o.o1 0,02 0,03 0.04 0,05 0.06 o.o7 o.oa 0,09 
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Plot of electronic transition energy 
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